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wetralogy of Fallot (TOF) with absent pulmonary valve
syndrome (APVS) occurs in 5% of patients with TOF.
OF-APVS includes an anterior malalignment ventricular
eptal defect (VSD) similar to TOF with pulmonary stenosis.
he right ventricle is hypertrophied and may contain ob-
tructing muscle bands in addition to infundibular narrow-
ng. The pulmonary annulus is mildly to moderately hypo-
lastic with vestigial nubbins of nonfunctional myxomatous
issue rather than developed valve leaflets. The size of the
ain pulmonary artery ranges from normal to aneurysmal
epending on the severity of the anomaly, whereas the
ranch pulmonary arteries are markedly aneurysmal, often
wo to three times their normal diameters. The hilar portions
f the pulmonary arteries may also be dilated. The segmental
ranches are of normal size and appear as multiple orifices
rising from the dilated portion of the artery when viewed
rom inside the vessel.
A patent ductus arteriosus is never present in TOF-APVS.
he combination of a VSD, pulmonary insufficiency, and a
atent ductus arteriosus would potentially produce physio-
ogic aortic insufficiency: left ventricular output could flow
etrograde through the ductus, into the right ventricle, across
he VSD, and back into the left ventricle. It has been proposed
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losure of the ductus, or the fetus would not survive. The
ighly pulsatile flow through the pulmonary arteries may
esult in the aneurysmal dilation.1,2
Patients with TOF-APVS can be divided into two groups.
he first group presents in the neonatal period with respira-
ory distress, attributed to compression of the tracheobron-
hial tree by the aneurysmal pulmonary arteries. These pa-
ients require early surgery to avoid morbidity and death
rom respiratory distress and heart failure. The second group
f patients is less symptomatic in infancy and may be identi-
ed later in life with symptoms of congestive heart failure, or
lassic TOF cyanotic spells. These patients can be managed
imilarly to other patients with TOF and undergo elective
epair.
There are two major debated issues regarding the surgical
anagement of neonates with TOF-APVS: management of
he aneurysmal pulmonary arteries, and placement of a pul-
onary valve in the right ventricular outflow tract. Multiple
perations have been proposed to address these issues.3-10 In
he operation we describe below, we remove the maximal
mount of abnormal pulmonary arterial tissue and place a
ight ventricular to pulmonary artery homograft conduit.
omplete excision of the main and branch pulmonary arter-
es removes almost all aneurysmal tissue, therebyminimizing
ny chance of persistent tracheobronchial compression. Use
f a homograft places a valve in the pulmonary outflow tract,
hich simplifies the postoperative management of pulmo-
ary hypertension.
25
26 K.F. Welke and R.M. UngerleiderOperative Technique
Figure 1 The chest is entered through a median sternotomy and the thymus gland is removed. The pericardium is
opened and a portion is harvested and placed in glutaraldehyde for later use. Examination of the external cardiac
anatomy shows the main pulmonary artery to be slightly enlarged and the right and left pulmonary arteries to be quite
dilated, equal to or larger in size than the aorta. The segmental branches of these vessels are small. For larger patients
we utilize aorto-bicaval cannulation and continuous cardiopulmonary bypass. For smaller patients, especially those
with small superior venae cavae, we place aortic and right atrial cannulae. The patient is then cooled to 18°C. During
cooling, the branch pulmonary arteries are mobilized out to the hilar branches. The aorta is then cross-clamped and 30
mL/kg of cold blood cardioplegia is administered via the aortic root. We then perform the operation under circulatory
arrest with 2-minute periods of intermittent perfusion every 15 minutes. Additional doses of cardioplegia are given at
these times as well.
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Repair of TOF with absent pulmonary valve syndrome 27igure 2 A longitudinal incision is
ade in the main pulmonary artery
nd continued proximally across the
ildly to moderately hypoplastic
ulmonary annulus and into the in-
undibulum of the right ventricle.
his incision allows visualization of
he anterior malalignment ventricu-
ar septal defect and obstructing
uscle bundles in the right ventric-
lar outflow tract. The nonfunctional
ulmonary valve leaflets can be seen
s well.Figure 3 Infundibular muscle bundles are divided so
there is no obstruction of flow out of the right ven-
tricle.
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28 K.F. Welke and R.M. Ungerleiderigure 4 (A, B) The ventricular septal
efect is closed with a Gore-Tex
atch. A combination of plegeted, in-
errupted sutures and non-plegeted
unning prolene sutures are used.
he plegeted sutures are used along
he base of the septal leaflet of the
ricuspid valve and the running su-
ures for the remainder of the clo-
ure. The sutures are kept on the
ight side of he septum in the region
f the bundle of His in order to min-
mize the chance of heart block.
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Repair of TOF with absent pulmonary valve syndrome 29igure 5 The main pulmonary
rtery incision is carried dis-
ally to expose the pulmonary
rtery bifurcation.Figure 6 The main pulmonary artery is
detached from the right ventricle at the
level of the pulmonary valve annulus.
30 K.F. Welke and R.M. UngerleiderFigure 7 The left pulmonary artery is divided leaving only a narrow cuff of tissue at the level of the origin of the lobar
branches.
Repair of TOF with absent pulmonary valve syndrome 31Figure 8 The right pulmonary artery is divided at the same level resulting in the removal of almost all abnormal
pulmonary artery tissue.
32 K.F. Welke and R.M. UngerleiderFigure 9 The posterior walls of the divided right and left pulmonary arteries are then approximated with a running
prolene suture. Mobilization of the branch pulmonary arteries facilitates this anastamosis. The relative short distance
between the divided branch pulmonary arteries allows for a tension free anastamosis in the neonate. In older patients,
we occasionally leave more posterior wall tissue in order to facilitate a tension free anastomosis.
Repair of TOF with absent pulmonary valve syndrome 33Figure 10 An appropriate sized pulmonary homograft is anatamosed to the pulmonary artery reconstruction distally
using a running prolene suture. During this time, the patient is rewarmed and at the completion of the suture line, the
left side of the heart is deaired and the aortic cross clamp is removed.
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34 K.F. Welke and R.M. UngerleiderFigure 11 The proximal end of
the homograft is anastomosed
to the infundibulum of the
right ventricle.igure 12 The pericardium that was har-
ested at the beginning of the operation
nd placed in glutaraldehyde is now
sed to augment the right ventricular
utflow tract so there is no obstruction.
he right side of the heart is deaired
rior to completion of this suture line.
he foramen ovale is left open in order
o allow right to left decompression in
he immediate postoperative period. If a
ecundum atrial septal defect is present
e downsize it to 4 millimeters by
inching a purse string suture around an
ppropriately sized dilator. A left atrial
ine is left in place for monitoring. Two
trial and two ventricular pacing wires
re placed as well. The patient is weaned
rom cardiopulmonary bypass and the
dequacy of the repair is checked with
ransesophageal echocardiography.
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Repair of TOF with absent pulmonary valve syndrome 35onclusions
he repair described above accomplishes two principles that
e feel contribute to better patient outcomes: excision of
early all aneurysmal pulmonary artery tissue and placement
f a valve in the pulmonary outflow tract. Resection of almost
ll aneurysmal tissue minimizes both the risk of bronchial
ompression and the chance of future aneurysmal dilation.
lacement of a valve in the pulmonary outflow tract protects
he right ventricle from the negative effects of free pulmonary
nsufficiency and simplifies themanagement of postoperative
ulmonary hypertension. The use of circulatory arrest with
ntermittent perfusion provides the benefits of circulatory
rrest without prolonged periods of cerebral ischemia. To
urther reduce the risk of adverse neurological outcomes, we
ave begun to base the length of arrest periods on near infra-
ed spectroscopy measurements of cerebral oxygenation
ather than using arbitrary time periods. This technique for
epair of TOF-APVS is relatively simple and reproducible and
auses minimal distortion of the pulmonary arteries.
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